Peripheral ameloblastic odontoma is a rare variant of odontogenic tumor occurring in the extraosseous region. The present report describes a spontaneous tumor in male Sprague-Dawley (SD) rats. The clinically confirmed nodule in the right mandibular region was first observed when the rat was 42 weeks and remained until the terminal sacrifice date when the animal was 48 weeks of age. At necropsy, a well demarcated nodule, approximately 2.5 × 2.0 × 2.0 cm, protruded from the ventral area of the right mandible. The nodule was not attached to mandibular bone and was not continuous with the normal teeth. Histopathologically, the tumor was characterized by the simultaneous occurrence of an ameloblastomatous component and composite odontoma-like elements within the same tumor. The epithelial portion formed islands or cords resembling the follicle or plexiform pattern typical of ameloblastoma and was surrounded by mesenchymal tissue. Formation of eosinophilic and basophilic hard tissue matrix (dentin and enamel) resembling odontoma was observed in the center of the tumor. Mitotic figures were rare, and areas of cystic degeneration were present. Immunohistochemically, the epithelial component was positive for cytokeratin AE1/AE3 (CK AE1/AE3), and the mesenchymal component and odontoblast-like cells were positive for vimentin, in the same manner as in normal teeth. On the basis of these findings, the tumor was diagnosed as a peripheral ameloblastic odontoma in an extraosseous mandibular region in a SD rat. In the present study, we report the uncommon spontaneous peripheral ameloblastic odontoma in the SD rat. We also discuss here the morphological characteristics, origin, histochemical, and immunohistochemical features for the diagnosis of this tumor.
INTRODUCTION
The ameloblastic odontoma is an extremely uncommon odontogenic tumor, and is defined by World Health Organization (WHO) as: "A neoplasm that includes odontogenic ectomesenchyme in addition to odontogenic epithelium that resembles an ameloblastoma in both structure and behavior. Because of the presence of odontogenic ectomesenchyme, inductive changes take place leading to the formation of dentin and enamel in part of the tumor" (1) .
The ameloblastic odontoma was described as a mixed odontogenic tumor originating from proliferating epithelial and mesenchymal components characterized by simultaneous occurrence of ameloblastoma and composite odontoma within the same tumor. Odontogenic epithelium was described to resemble that of an ameloblastoma with the additional features of odontogenic ectomesenchyme and induction of mineralized dental tissue resembling that of composite odontoma (2) (3) (4) .
Ameloblastic odontoma has been reported in a variety of mammalian species, including dog (5), cat (6) , cow (7), sheep (8) , llama (9) , non-human primate (10, 11) , and rat (2, 12, 13) .
Peripheral odontogenic tumor is an uncommon, extraosseous and odontogenic tumor in soft tissue and it was first reported by Stanley and Krogh in 1959 (14) . Peripheral
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odontogenic tumor is histologically indistinguishable from the typical intraosseous odontogenic tumor but is different in that it occurs in the soft tissue overlying alveolar bone but is separate from it (15, 16) .
The etiology of peripheral odontogenic tumor is unclear. The tumor can arise from the extraosseous epithelial remnant of the dental lamina or the basal cell layer of the oral mucosa, which are believed to have odontogenic potential (17, 18) .
In this study, we report peripheral ameloblastic odontoma that resembled previously reported uncommon tumors histologically similar to ameloblastic odontoma. The purpose of this case report is to describe the morphological features, origin, histochemical, and immunohistochemical characteristics of peripheral ameloblastic odontoma observed as an incidental finding in a male SD rat during a chronic toxicity study.
MATERIALS AND METHODS
Experimental animal and animal husbandry. The animal was a male specific pathogen free (SPF) Sprague Dawley (Hsd; SD) rat purchased from Koatech Inc (Pyeongtaek, Korea). It was used as a vehicle control animal in the 8-week recovery group in a 32-week repeated-dose toxicity study and was submitted for sacrifice at the end of the study. The animal was housed in a solid-bottom polycarbonate cage under routine controlled conditions (temperature, 23 ± 3 o C; humidity, 55% ± 15%; lighting, 12 hrs) and had free access to Teklad-certified, irradiated, global 18% protein rodent diet 2918C (Harlan Laboratories, Inc., IN, USA) and sterilized tap water. This animal was housed in a facility (Chemon Inc., Yongin, Korea) approved by the Association for Assessment and Accreditation of Laboratory Animal Care International (AAALAC). This study was also approved by the Animal Experiment Committee of Chemon Inc. based on the Animal Protection Act. The study was compliant with Good Laboratory Practice (GLP) standards. The animal's clinical signs were observed once a day.
Necropsy and histopathological evaluation. The animal was euthanized by exsanguination via the abdominal aorta under isoflurane (Ifran liquid, Hana Pharm. Co., Ltd., Seoul, Korea) anesthesia and necropsied under the supervision of a pathologist. The partial mass was fixed in 10% neutral buffered formalin followed by paraffin embedding. Additionally, the partial mass and normal incisor teeth were decalcified in 10% formic acid solution for 7 day at room temperature before paraffin embedding. After routine tissue processing, tissue sections were cut to approximately 4 µm thickness, stained with hematoxylin and eosin (H&E). Additionally, undecalcified sections from the tumor mass were stained with von Kossa for calcified tissue and tartrate-resistant acid phosphatase (TRAP) for visualization of osteoclasts (counterstaining with methyl green). The decalcified mass sections and normal teeth were stained with Masson's Trichrome for collagen and with the periodic acid-Schiff (PAS) reaction for glycogen.
Immunohistochemical analysis.
Immunohistochemical studies were performed on the tumor sections and normal teeth using a biotin-avidin peroxidase complex method and an automated immunostainer (BenchMark ® ; Ventana Medical Systems, Inc., Tucson, AZ, USA). The primary antibodies (prediluted) were used cytokeratin AE1/AE3 (CK AE1/ AE3; mouse monoclonal, Signet, Seongnam, Korea), and vimentin (mouse monoclonal, Signet). An indirect biotinstreptavidin system (iView DAB Detection Kit; Ventana Medical Systems, Inc.) was used as the secondary antibody. The tumor sections were counterstained with hematoxylin (Ventana Medical Systems, Inc.) and then treated with Bluing Reagent (Ventana Medical Systems, Inc.). The semiquantitative scoring system categorized severity as minimal for fewer than 5% tissue stained, slight for 5%~ 25%, moderate for 25%~50%, marked for 50%~75%, and severe for more than 75% tissue stained. An additional category of negative representing absence of the tissue was stained.
RESULTS
As a clinical sign, the nodule was observed in the right mandibular region from 42 weeks of age until 48 weeks of age, when the animal was sacrificed. The other physical examinations were unremarkable in this case.
At necropsy, a well demarcated nodule, approximately 2.5 × 2.0 × 2.0 cm, protruded from the ventral area of the right mandible. The nodule was dissected free by blunt dissection with relative ease and was totally removed. It was not attached to the mandibular bone or continuous with the normal teeth. Further, the nodule was not adherent to either the salivary gland or duct. After fixation, the cut surface of the nodule was whitish with friable appearance (Fig. 1) . The surface oral mucosa was not ulcerated and appeared to be normal. All other organs and tissues were normal.
Histopathologically, the tumor was surrounded by bonelike tissue and loose fibrous connective tissue and had a biphasic pattern of epithelial and mesenchymal components. Much of the periphery of the mass was immature, similar to ameloblastoma. The central area of the tumor resembled composite odontoma. The odontogenic epithelium formed nests and islands that were interspersed within the loose mesenchymal tissue resembling dental pulp. Mesenchymal components consisted of immature fibrous tissues comprising poorly differentiated spindles of stellate cells ( Fig. 2A) . Odontogenic epithelial cells were arranged in cords or follicular patterns surrounded by condensed mesenchymal cells ( Fig. 2A) . Columnar ameloblast-like cells arranged in palisades were present in the outer areas of the dentin structure. There were stellate reticulum-like cells present in the central area of ameloblast-like cells. Eosinophilic material containing osteoblast-like small cells, presumably osteodentin, was frequently observed between the epithelial layer and its circumscribing mesenchymal stroma (Fig. 2B) . Some odontogenic epithelial islands consisted of stellate reticulum-like cells with coarse, granular eosinophilic cytoplasm and areas of squamous metaplasia surrounded by a layer of columnar ameloblast-like cells with well-polarized nuclei (Fig. 2B) . In some areas, inverted or cup-shaped abortive teeth structures were present, consisting of layers of ameloblast-like cells, dentin, and single layer of cuboidal to flattened odontoblast-like cells all lining a pulp cavity (Fig.  2C) . Many TRAP-positive polygonal cells were observed along the osseous tissue surface. These cells had multiple nuclei with rather deeply stained purple cytoplasm (Fig. 2D) , consistent with osteoclasts. Formation of eosinophilic or basophilic hard tissue matrix was observed in the center of tumor. The hard tissues that were stained basophilic were considered to show advanced calcification (Fig. 3A) , confirmed by positive von Kossa staining (Fig. 3B) . The hard tissue that were stained eosinophilic was considered to show hypocalcification (Fig. 3A) , confirmed by negative von Kossa staining (Fig. 3B) . Therefore, calcification of dentin may be irregular (Fig. 3A, 3B) . In normal teeth, dentin, bone, and fibrous tissue appeared blue and the enamel matrix appeared dark red. Scale bar = 100 µm.
As the dental tissue was likely to resemble bone tissue, ossification or osseous metaplasia may indeed occur (Fig. 3C) . In some areas, deeply eosinophilic matrix was present adjacent to the layers of dentin (Fig. 3C) .
Cystic degeneration was seen in the tumor ( Fig. 2A) . Mitotic figures were rare and no tumor invasion of the surrounding tissue was seen.
Histochemically, only the calcified part of the hard tissue and bone were stained black with von Kossa staining in undecalcified sections (Fig. 3B) . The eosinophilic or basophilic matrix and bone tissue were stained blue with Masson's Trichrome staining (Fig. 3D) , which was consistent with collagen, the major organic component of dentin. The deeply eosinophilic matrix, squamous metaplasia, and granular cytoplasmic cells were stained dark red with Masson's Trichrome staining (Fig. 3D) , which was consistent with keratin. The PAS reaction in the squamous metaplastic tissue and eosinophilic granular cells was variable, showing little or no glycogen. In the normal tooth, the enamel matrix was stained dark red and the dentin and bone tissue were stained blue with Masson's Trichrome staining (Fig. 3E, 3F ).
The palisading columnar cells were positive for CK AE1/ AE3 (Fig. 4A) and negative for vimentin, whereas the surrounding mesenchymal component and intracavity islands, such as mesenchymal cells, stellate reticulum-like cells, odontoblast-like cells, were positive for vimentin (Fig. 4B ) and negative for CK AE1/AE3. Also, the ameloblasts in normal tooth were severe positive for CK AE1/AE3 (Fig.  4C) and negative for vimentin, whereas the dental pulp and odontoblast were severe positive for vimentin (Fig. 4D) and negative for CK AE1/AE3.
DISCUSSION
The diagnosis of ameloblastic odontoma was based on: 1) irregular cords with follicles of odontogenic epithelium abutting a small cluster of odontoblasts resembling the enamel structure in the developing tooth germ and 2) formation of osteodentin (1, 11) .
In our case, the histological figures showed odontogenic epithelium, odontogenic ectomesenchyme, enamel formation, and mineralized dental tissues, including dentin, osteoden- tin, and bone-like tissue. The tumor showed a biphasic growth consisting of epithelial and mesenchymal components. Ameloblast-like cuboidal epithelial cells were present in the outer areas of dental structures.
Immunohistochemical staining revealed that the epithelial components of the tumor were CK AE1/AE3 severe positive and vimentin negative, whereas the surrounding mesenchymal components were CK AE1/AE3 negative and vimentin severe positive. In normal tooth, the ameloblasts were CK AE1/AE3 positive and vimentin negative, whereas the dental pulp and odontoblasts were CK AE1/AE3 negative and vimentin positive. These results indicate that the epithelial components originated from the odontogenic epithelium and that the mesenchymal components originated from the odontogenic ectomesenchyme.
The histologic and histochemical features of the hard tissue in the ameloblastoma were most consistent with enamel, dentin, and osteodentin. Osteodentin is rapidly formed, tertiary dentin that often entraps odontoblasts with few cognizable dentin tubules, morphologically similar to bone in appearance (19) . The formation of metaplastic osteodentin in the pulp cavity of rat incisors was a well-recognized reaction in toxicologic studies (18) . The proliferating ameloblasts were accompanied by several apparent inductive changes in the surrounding stellate reticulum. The most prominent was deposition of bone-like tissue that contributed to the bulk of the mass (9) . The combination of predominant ameloblastoma with features of odontogenic ectomesenchyme and mineralized dental tissues in a single lesion thus warrants the diagnosis of ameloblastic odontoma (2, 3) .
In the rat, lesions arising from the mandible with features of odontogenic epithelium and mineralized dental tissues have been reported as either spontaneous (2, 12) or chemically induced tumors (13) and were diagnosed as ameloblastic odontoma.
A malignant odontogenic tumor that metastasized to multiple distal organs has been reported in a dog (20) . Morphologic criteria for malignancy were pleomorphism, layering of secretory epithelium, invasion of surrounding tissue, high mitotic activity, anaplasia, and metastases (21) . In our case, relatively slow growth, scarce mitotic figures, no tumor invasion in the surrounding tissue, and no distant metastasis were seen. Therefore, the present case was diagnosed as benign ameloblastic odontoma.
Furthermore, our study revealed biphasic neoplasia in the odontogenic epithelium and odontogenic mesenchyme, although connective tissue formation was relatively scanty in the entire tumor. Accordingly, based on the nomenclature of odontogenic tumors in animals (22) , we have chosen to use the term "ameloblastic odontoma" for this tumor which included both ameloblastoma and odontoma.
Peripheral odontogenic tumor has been reported at unusual sites including the buccal mucosa (23), base of tongue (24) , floor of the mouth (25) , and mandibular lingual gingiva (26) . However, the origin and nature of peripheral odontogenic tumor have not been clearly established. Potential sources include odontogenic remnants of the vestibular lamina, pluripotent cells in the basal cell layer of the mucosal epithelium, and pluripotent cells of the salivary glands (17, 18) .
Ida-Yonemochi et al. hypothesized that the dental follicle or the periodontal ligament contain cytokines specific for osteoclastic differentiation and then the osteoclast might be closely associated with tooth germ development (27) . In our study, we used conventional TRAP histochemistry to identify osteoclasts. We confirmed that many osteoclasts were present along the osseous tissue in this tumor. Pekiner et al. reported that bone changes were seldom present in peripheral ameloblastoma (16) . A few cases of odontogenic tumor have been reported in which the tumors have arisen in the soft tissues without bone involvement, implying origin from remnants of the dental lamina (28) . The theories of pathogenesis have been especially well reviewed by Hertz (29) . Histologically, the extraosseous location was the peculiar feature of peripheral odontogenic tumor, which was otherwise similar to the classical intraosseous odontogenic tumor (15, 16) .
In our case, the tumor did not appear to attach to the mandibular bone or to be continuous with the normal teeth, oral cavity epithelium, and salivary gland or duct. The tumor was dissected totally free by blunt dissection with relative ease. Histopathologically, the tumor was combined ameloblastoma with features of odontogenic ectomesenchyme and composite odontoma, usually resembling the intraosseous origin of ameloblastic odontoma (2) (3) (4) . Therefore, we could suggest the tumor did not arise from the intraosseous region, mucosal epithelium, or salivary glands. Therefore, the tumor was probably derived from odontogenic epithelial remnants in an extraosseous region.
In conclusion, on the basis of clinical sign, anatomical location, necropsy finding, histomorphology, and immunohistochemical characteristics, the present case was diagnosed as peripheral ameloblastic odontoma. We hope that this report will contribute to the classification of this uncommon tumor in rodents.
